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INTRODUCTION
It is estimated that two thirds of the patients treated by
orthodontists in the United States present with a Class II
malocclusion. A high percentage of these are associated with a
retruded mandible. In such cases, treatment with conventional
orthodontic appliances may lead to a Class I occlusion, however, quite
often this does not provide a satisfactory result in terms of
stability and facial esthetics. At present the only certain method of
significantly advancing the mandible in relation to the maxilla is by
means of orthognathic surgery, and this is generally performed when
the patient stops growing.
The rationale for this study was that if the teeth in the upper
and lower arches could be intruded with a bite block appliance, then
the mandible would autorotate upwards and forwards into the
interocclusal space left by the teeth. In addition, since such an
appliance would displace the condyle downwards and forwards, 24 hours
a day for a certain period of time, an alteration in condylar growth
may occur influencing the growth pattern.
OBJECTIVES
The objective of this study was to design and evaluate the
effects of an appliance that increases the vertical dimension of the
face and also produces an intrusive force on the teeth. This
appliance was used in growing individuals with a Class II Division 1
malocclusion and retruded mandible to improve the skeletal
relationship of the mandible to the upper face.
The effects of this appliance on the morphology and function of
the dentofacial complex were evaluated. Changes in morphology were
examined with the help of lateral cephalometric x-rays and plaster
study models. Functional adaptation to the morphologic changes were
evaluated via comparison of bite force levels and an assessment of
temporomandibular joint function.
.Specific Objectives"
To design and study the effects of a bite block appliance that
incorporates repelling magnets against the upper and lower teeth on:
I. The eruption of the dentition in the maxilla
2. The eruption of the dentition in the mandible
3. Mandibular growth
4. Changes in shape and size of the mandible
Possible changes in the craniofacial skeletal complex
6. The maximal bite force
7. To assess the function of the temporomandibular joint
and muscles of mastication before treatment, during
appliance therapy and after treatment.
L 1 TERATURE REV ! EW
A. Intrusion of teeth and autorotation of mandible"
It has been shown that if a tooth is subjected to an intrusive
force for a sufficient period of time, it intrudes into the alveolar
bone (Dellinger, 1967; Stenvik and Mjor, 1970; Steigman and Michaeli,
1981). This phenomenon is commonly utilized in the anterior region of
the dental arch for orthodontic correction of deep overbite. Various
forms of archwire configurations that deliver an intrusive force have
been described by Bustrone (1977).
In a growing individual the maxillary and mandibular teeth and
alveolar bone are in the process of moving vertically towards each
other. Therefore, an intrusive force on the teeth at this stage
would arrest their eruption and give a greater degree of relative
intrusion as compared to an adult. Harvold (1971) successfully
utilizes this to achieve relative intrusion of the lower incisor teeth
by capping them during construction of his Activator appliance. He
also recommends an occlusal shelf that rests against the occlusal
surfaces of the upper posterior teeth to slow their eruption rate,
with resultant correction of the Class II malocclusion.
Stockfish (1951) developed a functional appliance called the
Kinetor to treat Class II malocclusions. In patients with anterior
open bite, he modifies the appliance by adding a rubber tube between
the occlusal surfaces of the upper and lower posterior teeth. The
construction bite is taken with the mandible open beyond the free way
space so that with the appliance in the mouth the patient bites down
on the rubber tubes. Though the appliance is worn only part of the
day, closure of the anterior open bite is achieved by holding up the
eruption of the posterior teeth and even depressing them.
In 1973, McNamara used six young monkeys in an experiment
designed to study craniofacial adaptation to increased vertical
dimension through the use of fixed gold castings on the maxillary
arch. The bite was opened to variable degrees. With minimal bite
opening, he found that neuromuscular adaptation was complete within
one month and only slight changes were observed in tooth position when
the appliances were removed. However, animals whose bite had been
opened to a greater extent demonstrated hyperactivity of muscle
function throughout the period the casting was in place. In addition,
he noted marked occlusal changes in these animals, including
differential eruption of teeth.
Woodside (1973), concluding his report to the European
Orthodontic Society on the effects of Activator treatment stated "It
is suggested that future investigation into the importance of vertical
man pul at on of the occl usal plane n the correct on of
antero-posterior discrepancies might be profitable, no matter which
appliance system is utilized".
Pearson (1978) studied the effect of using intrusive forces on
posterior teeth for vertical control in treatment of patients
exhibiting backward rotational growth tendencies. He delivered these
forces either via maxillary and mandibular headgear, vertical pull
chin cup or mandibular bite blocks. He found them all to be effective
in retarding eruption of posterior teeth and affecting a
counter-clockwise autorotation of the mandible.
Subtelny (1980) incorporates an acrylic bite block in the rapid
palatal expansion appliance to cover the occlusal surfaces of the
maxillary posterior teeth. He designs the bite block to exceed the
free way space by a considerable dimension in order to depress or at
least prevent eruption of the mandibular molars. He quotes a study
undertaken by Buck (1979) to evaluate the effect of posterior occlusal
bite blocks. Buck found that in adults the posterior teeth intruded
and since he did not incorporate the anterior teeth into the bite
blocks, he found that in actuality, on removal of appliances,
posterior open bites were created As the buccal segments were left out
of occlusion, there was a certain amount of rebound effect with
eruption of the depressed teeth. In growing children, he found that
the bite blocks prevented eruption of teeth in the buccal segments.
Clarke (1982) devised a twin block technique to correct skeletal
Class II malocclusions. The appliance consists of bite blocks
covering the upper and lower buccal segments so that with the
appliance in the mouth the premolars are separated by 4 to 5 mm. in
the premolar region and the mandible is held 5 to 7mm. forward. In 2
to 6 months, the buccal segments were considerably out of occlusion
due to the intrusive effect of the bite block.
Mandibular autorotation is a well documented and clinically
accepted phenomenon that occurs when the maxilla is surgically
repositioned superiorly (Bell, et al, 1977). Studies have shown that
the mandible rotates upwards and forwards to compensate for the upward
movement of the maxilla. The center of rotation is at the head of the
condyle and the soft tissue chin comes forward in a 1"I ratio with the
hard tissue (Schendell, 1976). Mandibular autorotation is shown to be
a stable procedure (Schendell et al, 1976; Epker et al, 1978).
Electromyographic studies by Wesberg et al, (1982), have corroborated
the above and shown a neuromuscular adaptation to the new position of
the mandible.
It is recognized that facial pattern is not constant; it is
changed by growth and it is changed by orthodontic treatment
(Creekmore, 1967). It has been shown that extrusive mechanics such as
tip back bends (Kuhn, 1968), Class II elastics (Hanes, 1959; Schudy,
1964; Ricketts, 1960) and cervical headgear that may cause extrusion
of the posterior teeth result in a downward and backward rotation of
the mandible (Ricketts, 1960; Poulton, 1977).
B. Stimulation of mandibular growth"
Orthodontists are often disappointed with results of orthodontic
treatment where dental compensations have been made to make up for a
retruded mandible. This dissatisfaction has led them to seek methods
to advance the retruded mandible in a Class II case. Currently, there
is considerable interest being shown by the profession in functional
aplicances as a possible mode of increasing condylar growth (Watson,
1982). The hypothesis being that while the functional applicance is
in the mouth, the condyle is displaced down the articular slope, away
from the posterior part of the articular fossa and this may induce
increased condylar growth to fill in the gap.
Moss and Salentjin (1969) reported that growth at the condyle
appears to take place as a secondary phenomenon, to infill the space
left by the mandible as it is displaced forward by the tissues around
Enlow (1975) also claimed condylar growth to be of a compensatory
nature rather than a primary process.
Several experimental studies have been carried out which lend
support to the hypothesis that mandibular growth can be altered
through intrinsic stimulation of the facial musculature when the
condyle is actively postured forward in response to an applicance.
Stockli and Willert (1971) investigated the reaction of the
tempormandibular joint in growing Macacus Iris monkeys following the
placement of splints which forced the mandible to protrude forward.
In their conclusions they state-
I. Adaptive changes in the temporomandibular joint of the
growing Macacus Iris monkeys could be induced by
mechanical stimuli.
2. The new condylar position exhibited high resistance
against relapse, even when the supporting appliances
were removed.
During the growth period, the temporomandibular joint
has potential for compensatory tissue adaptation by
basically physiologic processes.
Petrovic, et al (1975), in investigating the response in rats to
mandibular hyperpropulsion also found increased growth at the
condyles. With regard to the essential question of the significance
of these studies, they consider that the concepts developed have a
general applicability to all mammals, including man, and that the
neurogenic mechanism as mediated by the lateral pterygoid muscle to
the condylar cartilage is a fundamental process.
McNamara (1979 and 1980) has further investigated this phenomenon
with similar protrusion-inducing splints on growing Macaca Mulatta
monkeys, with particular emphasis on the electromyographical changes
in the orofacial musculature. He found a gradual increase in the
frequency and amplitude of muscle activity in the lateral pterygoid
muscles. This reached a maximum in 4-8 weeks, then gradually returned
to normal after 12 weeks. At the same time skeletal changes in the
mandible were observed which followed a similar time distribution
curve, a gradual increase in the rate of growth to a maximum, then a
return to pretreatment growth rate after 12 weeks. Histological
investigation of the condylar growth cartilage again showed an almost
identical response curve, with a dramatic increase in the thickness of
the chondroblastic layer to five or six times that of the control
animals being observed at the sixth experimental week.
Most clinical studies, on the other hand, do not show
significantly increased mandibular growth with the use of Activators.
Harvold (1971), Woodside (1973), Ahlgren (1976) and Pancherz (1984)
analyzed patients that had been treated with Activators and found no
increase in mandibular growth in these patients as compared to
average growth increments. Even those who claim that Activators do
lead to an increased growth of the mandible come up with a figure of
about lmm. extra growth per year (Watson, 1982; Creekmore, 1983).
Vargervik and Harvold (1985), in assessing the response to
Activator treatment in Class II malocclusion did find increased
advancement of all mandibular structures. However, they attributed
most of the change to the anterior relocation of the glenoid fossa.
Increased mandibular growth seen in animal studies does not seem
to be achieved with the use of Activator type of functional appliances
in man. However, there is a significant difference between animal
studies and human studies, in animals the teeth are splinted and the
mandible is held in a forward position 24 hours a day for the duration
of the study, whereas, in humans the functional appliance is removable
and only worn for part of the day. As Pancherz (1984) states: the
possibility that the Activators will have a stimulating effect on
mandibular growth cannot be excluded. However, as the appliance is
worn only part of the day threshold for adaptive remodeling processes
in the condyles may not be reached.
Pancherz (1982) studied the effects of the Herbst appliance,
which basically acts as a splint to keep the mandible postured
forward. With this appliance, the mandible was held forward 24 hours
a day, and six months of treatment caused 2.2mm. of mandibular growth.
This was significantly more than the average growth increment. In a
follow up study, he found that after removal of appliances there was
no relapse and that the mandible continued to grow at an average
incremental rate, as found in the untreated sample (Pancherz, 1981).
McNamara et al (1985), studied the effect of the Frankel
appliance, which holds the mandible forward for most part of the day.
They found that in the younger age group with a mean age of 8.8 years
there was an increase of 3.6 mm. in the growth of the mandible over a
2 year period and in the older age group with a mean age group with
11.6 years there was an increased mandibular growth of 2.4 mm.
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C. The use of magnets in orthodontics:
Kawata and Takeda (1977) reported using orthodontic brackets made
out of magnetic material. The magnets they used were made of an alloy
of iron, cobalt and chrome. These magnetic brackets generated a force
of 20-30 grams and were used on patients and in typodont exercises.
They reported smooth and fast tooth movement.
In 1978, Blechman et al. claimed the first use of magnets in
orthodontics in the United States. They used aluminium nickel cobalt
magnets to move teeth in a cat. They showed the effective use of
these magnets to move cuspids. The animal was later sacrificed and
tested for local tissue and systemic toxicity, both of which proved to
be negative.
In 1979 Tsutsui et al. reported on the use of samarium cobalt
magnets in dentistry. They stated that samarium cobalt produces very
strong magnetic forces and can, therefore, be used in smaller
dimensions. It is also far superior in resisting loss of magnetic
energy with time as compared to other magnetic alloys.
In 1985 Blechman presented the initial results of magnetic force
systems as applied to clinical orthodontics. The article describes
the use of small samariuim cobalt magnets to move teeth with intra and
intermaxillary forces. He presented two patients treated with this
format. He claimed that apart from bucco-lingual and mesio-distal
forces one could also produce intrusive forces in buccal segments with
repelling magnets. He also addressed the question of biologic safety.
Numerous tests were done on these patients by specialists and no
safety hazards were detected.
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Dellinger (1985) introduced an appliance called the Active
Vertical Corrector (A.V.C.). The A.V.C. uses samarium cobalt
repelling magnets to intrude posterior teeth for the correction of
anterior open bites. He claims rapid and stable intrusion of
posterior teeth.
D. Bite force"
Bite force measurement has been used as a non-invasive method
for assessing properties of the craniofacial complex including the
strength of the muscles of mastication (De Boever et al, 1978; Dechow
and Carlson, 1982), electrical activity of the muscles of mastication
(Garrett et al, 1969; Palla and Ash, 1981), and craniofacial
biomechanics (Fields et al, 1982; Proffit et al, 1982) to indicate
alterations in masticatory function with changes in vertical dimension
(Boos, 1949; boucher et al, 1959; Tuller, 1969).
Rinquist (1973) studied the relationship between the variations
in bite force and dimensions of the facial skeleton. She found that
the muscle activity during maximal bite is positively correlated to
mandibular prognathism, small mandibular plane angle and a small
gonial angle.
Proffit et al (1983) wrote that there is a renewed interest in
bite force measurement due to an appreciation of its possible role in
controlling the eruption of teeth and by the availability of new
piezo-electric instrumentation. They report that piezo-electric force
transducers using quartz crystals as the active element are now
readily available commercially and can be used quite satisfactorily
for measurement of occlusal forces. On comparing occlusal forces
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between normal and long-face adults they found that long-face
individuals have significantly less occlusal force during maximum
effort, simulated chewing and swallowing than do individuals with
normal vertical facial dimensions.
Dechow and Carl son (1983) described a bite force transducer and
tested its use in measuring bite force in primates. They concl uded
that with the present sophistication in measuring devices, bite force
measurement is useful and reliable for long and short-term studies of
the changes due to growth and experimental alteration of the
physiological properties of muscles of mastication.
E. Clinical assessment of temporomandibular joint and muscle function"
Investigations of function and functional disorders of the
masticatory system have been concentrated largely on the symptomalogic
aspects (Schwartz, 1959; Shore, 1976). These include a history and a
clinical examination. History includes questions about pain from the
temporomandibular joint (T. M. J.), sounds of clicking, restriction of
and pain during mandibular movement, and locking or luxation of the
condyles (Helkimo, 1974; Carlsson et al, 1980). In the clinical
examination, researchers include pal pation of the T. M. J. and muscles
of mastication, listening to T. M. J. sounds, and an assessment of the
range of movement of the mandible (Ramjford and Ash, 1983; Helkimo,
1974).
Helkimo (1974) presented a masticatory dysfunction index which is
successfully used at the University of Goteborg, Sweden. It contains
a clinical dysfunction index and an anamnestic dysfunction index
(based on data from the interview with the investigated person). Each
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symptom is judged according to a three-grade scale of severity. The
patient is designated as being symptom free, or having mild, moderate
or severe dysfunction on the basis of the total score.
Carlsson et al (1980) state that the evaluation of function of
the masticatory system relies principally on the clinical examination
and cannot be as precise as a standardized laboratory experiment.
However, they analyzed the precision of functional examination
procedures and found a good concordance between intra observer
registration performed five weeks apart in eleven year old children.
Functional appliances are widely used and though some of them,
for example, the Harvold Activator (1971) open the mandible as much as
12mm. beyond the free way space, no functional disturbances in the T.
M. J. are noted. Pancherz (1982) assessed the effect of continuous
bite jumping with the Herbst appliance on the function of the
masticatory system in 20 boys with Class II division I malocclusions.
He concluded that the Herbst appliance resulted in minor functional
disturbances; however, these disturbances were temporary, appearing
mainly at.the beginning of treatment. He found clicking sounds in the
T. M. J. in two patients prior to treatment, but these disappeared
during treatment and were not noticed twelve months post treatment.
Tenderness on palpation of the T. M. J. was found in four patients
before treatment and in only two patients twelve months post
treatment. Tenderness on palpation of masticatory muscles was found
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in five patients before treatment and in only two patients twelve
months post treatment.
MATERIALS AND METHODS
Sampl e
The subject pool in this study was taken from patients presenting
themselves for treatment at the Orthodontic Department of the
University of Connecticut Health Center.
It consisted of 20 growing caucasian children in the age range of
8 years to 11 years and 6 months, presenting with a Class II Division
I malocclusion with a slightly increased lower face height and a
retruded mandible. The permanent first molars and incisors were fully
erupted in both arches. The molar relationship was between 3 to 7 mm.
Class II and the overjet was between 5-10 mm. and they had an
interlabial gap of 5-10 m.m.
The subjects were divided into two groups-
Treatment group" This consisted of I0 caucasian subjects
who underwent treatment with the Repelling Magnets Appliance (R. M.
A.) for a period of 4 months and were followed up for an average of
another 4 months as part of the study. The mean Angle of convexity
(N-A-Pg) was 11.9 degrees + 2.8 (normal mean N-A-Pg for this sample
would be 6.2 degrees); lower face height, ANS-Me(PFH) was 64.0 mm. +
2.2 (normal mean lower face height for this sample would be 60.0 mm.);
Interlabial gap with the teeth closed in centric ralation was 6.5 mm.
+ 1.1; Overjet was 6.8 mm + 1.6 and the molar relationship was 5.2 mm.
+ 0.8 Class II.
2) Control group" This consisted of 10 caucasian subjects; who
did not receive any form of orthodontic treatment and were observed
for an average of 8 months. The mean N-A-Pg was 10.8 degrees + 3.1;
15
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ANS-Me (PFH) was 63.1 mm + 2.4; Interlabial gap was 7.1 mm +1.4;
overjet was 7.2 + 1.5 and the molar relationship was 5.5 mm + 0.6
Class II.
All patients are expected to receive conventional orthodontic
treatment at a later age, when they are ready for it.
Methodology
A. Examination period.
At an average the treatment group underwent 4 months of active
treatment with the R. M. A. and were followed up for another 4 months,
and the control group was studied for a period of 8 months.
B. Appliance design and construction"
Alginate impressions were taken of the upper and lower arches and
working models poured. The working bite was taken with a horseshoe
shaped piece of pink modelling wax with the mandible in centric
relation (C. R.) and open 7.0 mm. to 8.0 mm. in the permanent first
molar region.
The appliance consisted of acrylic splints covering the occlusal
surfaces and the occlusal halves of the buccal and lingual surfaces of
6EDC/CDE6 in the lower and 6EDC/CDE6 in the upper (Figs. 1-7).
Samarium Cobalt magnets measuring 20.0 mm. x 8.0 m.m. x 2.0 mm. were
encased in a stainless steel case .005" thick. These were then
embedded into the upper and lower acrylic bite blocks on each side.
These magnets produce a produce a repelling force of 1000 grams when
they are 3 m.m. apart. In addition, a .028" lingual wire was embedded
in the acrylic splints that rested on the lingual surfaces of the four
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permanent incisors. Maxillary and mandibular appliances were similar
in design.
The occlusal halves of the labial and lingual surfaces of the
deciduous canines, deciduous first and second molars and the first
permanent molars were etched with 37 percent orthophosphoric acid and
the R. M. A. was bonded to them with Concise bonding composite
material. The lingual surfaces of the incisors were then similarly
etched and were bonded individually to the lingual wire lying against
them. The rigid lingual wire, by virture of being bonded to the
incisors, transmitted the intrusive force felt by the bite blocks to
the incisors. In this way, the whole arch felt the intrusive force,
instead of just the posterior teeth.
Reproduc bi I ty:
All appliances were constructed with a similar amount of opening
in the molar region. They were all constructed by the investigator
himself. Magnets of exactly similar dimensions were used so that the
force produced by them would be similar. During construction, care
was taken to exactly superimpose the upper and lower magnets and to
have the occlusal surfaces of the magnets parallel to each other.
C. Radiographic examination"
A routine series of orthodontic x-rays, consisting of anterior
periapicals, left and right 45o lateral oblique and a lateral
cephalometric x-ray with the teeth in centric relation were taken. In
addition, a lateral cephalometeric x-ray with the mouth open was taken
in order to see the condylar heads clearly.
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Standard techniques were used to take cephalograms. All
cephalograms were taken on the same cephalostat to eliminate the need
for correction of magnification. The closed mouth cephalogram was
taken with the teeth in C. R. and the lips in relaxed position.
Both the open mouth and closed mouth cephalogrms were taken at
the following time interval s.
Treatment group:
a) pre-treatment
b) Immediately post-treatment
c) Four months post treatment
Control group:
a) Initial
b) Eight months later (Final)
Cephalometric analysis:
Changes in craniofacial morphology were assessed with the help of
tracings of the cephalograms on clear acetate film. A fine 4 H pencil
was used to make the tracings. Dark room procedures were used to
reduce ambient light to enhance the radiographic readability. All
cephgalograms of a patient were traced at the same sitting to minimize
tracing errors. Any bilateral structures appearing as shadows of the
left and right halves had the midline of the two shadows traced.
The anterior cranial base of the initial cephalogram was drawn in
detail on the initial cephalometric tracing. This tracing film was
then superimposed on the anterior cranial base of subsequent
cephalograms and subsequent cephalometric tracings were made on the
same fi Im.
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The positional changes of the cephalometric landmarks between
subsequent tracings were measured by a Cartesian coordinate system. A
horizontal reference line constructed by reducing seven degrees from
the initial Sella-Nasion line was used as the X-axis. A vertical line
passing through the initial sella and perpendicular to the X-axis
served as the Y-axis. The original occlusal plane was also drawn and
this was used as the X-axis for some measurements. A line
perpendicular to the occlusal plane served as the Y-axis for these
measurments.
Separate maxillary and mandibular superimpositions were traced in
order to determine any change in the position of the incisors and
permanent first molars. The original occlusal plane served as the
X-axis for these superimpositions.
Separate mandibular superimposition tracings were made from the
open mouth cephalograms in order to visualize and trace the position
of the condyle. The tracings of these mandibles were then
superimposed on the relevant mandible in the closed mouth
cephalometric tracing and the tracing of the condyle was transferred
to the closed mouth cephalogram.
The following cephalometric landmarks, planes, linear and angular
measurements were used in this study (Fig 8).
Landmarks:
Sella (S) The center of the coutour of the sella
turcica.
Nasion (N) Most anterior and superior point of the
naso-frontal suture in the midsagittal plane.
2O
Point A (A): The most posterior point on the curve of the
maxilla between the anterior nasal spine and
supradental e.
Anterior Nasal
Spine (ANS)
The tip of the median sharp bony process of
the maxilla at the lower margin of the
anterior nasal opening.
Point B (B): The point most posterior to a line from
Infradentale to Pogonion on the anterior
surface of the symphyseal outline of the
mandible.
Pogonion (Pg): The most anterior point on the contour of the
bony chin. Determined by a tangent through
Nasion.
Gnathion (Gn)" The most anterior-inferior point on the
contour of the bony chin symphysis.
Determined by bisecting the angle formed by
the mandibular plane and a line through
Pogonion and Nasion.
Menton (Me): The most inferior point on the symphyseal
outline of the mandible.
Gonion (Go). The midpoint of the angle of the mandible
found by bisecting the angle formed by the
mandibular plane and Ramal plane.
Articulare (Ar): The point of intersection of the inferior
cranial base surface and the posterior border
of the ramus.
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Condylion (Co.S)
Superior"
The most superior point on the curvature of
the condylar head. Determined by a
line parallel to the Constructed Frankport
Horizontal plane.
Condyl ion
Posterior (Co.P)
The most posterior point on the curvature of
the condylar head. Determined by a tangent
from the lower most posterior point on the
posterior border of the ramus.
Condylion (Co): The most posterior-superior point on the
curvature of the condylar head. Determined as
the point of tangency to a perpendicular
construction Iine to the anterior and,
posterior borders of the condylar head.
Lower incisor
incisal edge
(LIE):
The incisal
incisor.
tip of the mandibular central
Upper incisor
incisal edge
(UIE)
The incisal
incisor.
tip of the maxillary central
Lower molar
mesial cusp tip
(LMT)
The anterior cusp tip of the mandibular
permanent first molar.
Upper molar
mesial cups tip
(UMT)
The anterior cusp tip of the maxillary first
mol ar.
Planes:
Frankfort
Horizontal (FH):
This is constructed by reducing seven degrees
from the sella-Nasion line.
Occlusal plane: A line passing through the buccal cusps of the
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(OP): Upper and lower first molars and bisecting the
overbite of the central incisors.
Mandibular plane
(MP):
A line passing from Menton to the lower
border of the mandible in the region of
Gonion.
Ramal plane (RP)" A plane passing through Articulare, and along
the posterior border of the ramus inferior to
Angular measurements:
OP-FH: Angle formed between the occlusal plane and
the mandibul ar pl ane
Mandibular plane
angle (MP-FH):
Angle formed between the mandibular plane and
Frankfort horizontal
Gonial angle: Angle formed between the Ramal plane and the
mandibular plane.
Angl e of
convexity
(N-A-Pg)
The angle formed between the extension of a
line passing from N to A and a line passing
Pg. to A. (An increase in the angle denotes
increased convexity).
Y-axis- The inside angle formed between the FH plane
and a line passing from S through Gnathion.
I-FH: The angle formed between the long axis of the
most proclined upper central incisor and the
I-MP:
FH plane.
The angle formed between the most proclined
lower incisor and the mandibular plane.
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Linear measurements"
Co-Pg: A direct measurement from Condylion to
Pogonion. (Measured from the wide open mouth
cephal ogram).
Co-Pg (FH): The distance between Condylion and Pogonion
parallel to the FH plane.
A-B (FH) The distance between A and B parallel to the
FH plane.
Co-Pg (OP): The distance from Co to Pg parallel to the
occlusal plane.
A-B (OP): The distance between A and B parallel to OP.
(When point B is behind point A, the value is
negative).
N-ANS (PFH) The distance between N and ANS perpendicular
to FH.
ANS-Me (PFH): The distance between ANS and Me perpendicular
to FH.
Is-Stm (PFH) The distance between the incisal edge of the
upper central incisor and the lower border of
the upper lip.
Interl abial
gap (ILG)
For the purpose of this study, it is the gap
between the lower border of the upper lip and
the upper border of the lower lip, when the
teeth are closed in centric relation.
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Reproduci bi I ty:
There are basically three sources of error in any cephalometric
analysis (I) errors of positioning and projection; (2) errors of
identification of landmarks; and (3) tracing and measurments.
(I) Positioning and projection"
The same cephalostat was used to take all cephalograms and the
tube-head-film distance was kept constant.
The researcher went down each time himself to position the
patient in the cephalostat and make sure that the ear rods were firmly
pressed into the ears, the jaws were closed in C.R. and that the lips
were rel axed.
(2) Landmark identification:
Most cephalometric investigations involved with analysis of
errors agree that the largest source of errors is located in landmark
identification. However, the nature and magnitude of those errors of
identification varies from point to point and from headfilm to
headfilm, providing that sufficient care is given to positioning the
head in the cephalostat. Baumrind and Frantz (’71) demonstrated that
the distribution of errors for most landmarks is not random but
systemat c, n the sense that each Iandmark has its own
characteristic, and usually noncircular envelope of error.
Extreme attention and care was directed towards rigor of
definition of the landmarks used, in order to make them reproducible
with acceptable reliability. The same examiner traced all films under
similar conditions of illumination and at the same sitting for a given
patient.
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To improve landmark identification and tracing reliability of the
condylar head, a wide open mouth cephalogram was taken. To reproduce
the position of Point B, Pg, Gn and Me a template of the original
mandible was made and these points were marked on it. This template
was then superimposed on the subsequent mandibular positions of the
mandible and the above points transferred to the new mandibular
tracing. This procedure substantialy reduced the error both in the
horizontal and vertical directions of locating these points on
subsequent mandibular positions. The method of superimposition of
tracings was used to determine changes. This method is more accurate
in detecting small changes, than making new tracings for each
cephalogram and measuring absolute values.
For measurement of changes, the tracings were placed on a
millimeter graph paper; this made changes easier to visualize and
measure more accurately.
The impact of measurement error was also reduced through the use
of replicated estimates of each act of superimposition and replicated
measurement of each displacement of landmark.
To increase reliability of identifying the upper and lower molar
tips. The maxillary and mandibular superimposition tracings were done
on the mouth open cephalogram so that there was no overlap of the
cusps of the upper and lower molars. This made identification of the
molar tips much easier.
(3) Tracing and measurement:
The lateral skull headfilm is the type of physical record most
widely employed in quantitative studies of craniofacial growth and
26
development and effects of treatment modalities. Because the
conclusions of this study will be drawn from the quantitative
examination of lateral headfilms, it is important that the errors
involved in measurement of those films be carefully analyzed.
Three considerations determine what impact the errors of
landmarks location will have on the l inea values involving any given
landmark or implant:
(a) the actual magnitude of the error involved in identifying
the specific landmarks.
(b) the linear distance betwen the point representing one
landmark and the point representing the other landmark.
The shorter the line segment measured, the greater is
percentage error introduced by a measurement error of
given size.
(c) the direction from which the line segment between two
landmarks intersects the envelope of error of each
Iandmark.
To isolate and quantitate the effect which each of these three
factors has on each specific linear measurement or displacement would
require great mathematical sophistication. Instead it was decided to
quantitate their combined effect emperically by comparing the
differences in values of linear and angular measurements computed by
repeating all cephalometric tracings of 4 patients 4 times each.
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D. Analysis of occlusion"
This was done on dental casts oriented in centric relation, at
the following time intervals
For the treatment group:
I) Before treatment
2) Immediately post treatment
3) Four months post treatment
For the control group:
I) At the start of the examination period
2) Eight months later
Overjet, overbite and molar relationship were noted.
E. Bite force measurement"
The maximal voluntary bite force measurement was used to indicate
alterations in masticatory force function as a result of treatment.
Maximum voluntary bite force in centric occlusion in the first molar
region was recorded with the help of a commercially manufactured
piezo-electric transducer using quartz crystal as the active element.
When a load is placed upon a piezo-electric transducer, it
produces a signal in the form of a small electrical charge. The
charge produced is proportional to the load placed. This electrical
charge was passed through a calibrating system and a charge amplifier
and then displayed and recorded on an oscilloscope.
The transducer was cylindrical in shape and was 6 mm. high (Fig
9). In order to prevent the transducer from slipping and to make the
patient feel secure in biting on it with maximum force, a blob of self
curing Duralon was placed on either end of the transducer. When the
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Dural on was semi soft, the transducer was placed on the mesiobuccal
cusp of the lower first permanent molar and the patient was asked to
bite down on it in centric occlusion. This allowed the Duralon to
flow into the fossae and over the cusps adjacent to the transducer,
thus securing it in to place. After the Duralon had set, the bite
force measurements were recorded. The Dural on was flicked off from
the transducer after recordings were completed.
Five measurements of maximum bite force were recorded and their
average was the measurement that was noted. The calibration was in
Newtons, this was converted into kilograms by dividing the value by
Bite force recordings were made at the following intervals:
For the treatment group
I) Before treatment
2) Immediately post treatment
3) Four months post treatment
For the control group
I) At the start of the examination period
2) Eight months later
Reproduc bi I ty:
Care was taken in replicating the position of the transduer
between the molars. The transducer was always placed on the right
side. Five measurements were taken at each sitting an average of these
was calculated. The measurements were taken at approximately the same
time of day for all patients.
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F. Clinical assessment of temporomandibular joint and muscle function"
A clinical assessment of the function of the masticatory system
was conducted in order to ascertain the status of any signs and
symptoms of dysfunction that may already be present or that may
develop. This evaluation was subjective. However, Helkimo (1974) and
Carlsson, et al (1980) found good intraobserver consistency in their
Function/Dysfunction indices.
The assessment was based on a clinical dysfunction examination
and on anamnestic dysfunction.
I. Clinical dysfunction examination:
a) Impaired range of movement of mandible: determined by
measurement of maximal opening, maximal lateral movements
and maximal protrusion.
b) Impaired function of temporomandibular joint" based on
symptoms of disturbed pattern of movement of the mandible
such as visible lateral deviation of more than 3 mm. of the
path of movement during opening or closing of the mouth,
locking or luxation of the temporomandibular joint (T.M.J)
and pain in T.M.J. on movement.
c) Muscle pain on palpation: Only clear reactions of the
patients were registered as pain. The temporal is, masseter,
lateral pterygoid and medial pterygoid muscles were
palpated bilaterally.
d) Pain in T.M.J. on palpation- This was ascertained by
palpation from the side and via the external auditory
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meatus. As for pal pation of the muscles, only clear
reactions of the patient were registered as symptoms.
e) Clicking: This was ascertained by listening through a
stethoscope while the patient opened and closed the mouth.
2. Anamnestic dysfunction:
This was based on data from the interview with the investigated
person regarding any symptoms that he/she reported, such as, T.M.J.
sounds, feeling of stiffness of the jaws on awakening or on movements
of the lower jaw, difficulties in opening the mouth wide, locking,
luxations, pain on movement of the mandible, pain in the region of the
T.M.J. or of the masticatory musculature.
Assessments were made at the following time intervals,
For the treatment group
a) Before treatment.
b) Three days after inseriton of appliance.
c) Three months after insertion of appliance.
d) Immediately post treatment.
e) Four months post treatment.
For the control group
a) At the start of the examination period.
b) Eight months later.
Reproduc b I ty:
Replicated assessments were done for each patient.
Data analysis
The results of the cephalometric analysis and bite force
measurements were statistically analysed. In the cephalometric
analysis in the treatment group Time I refers to the treatment period,
Time 2 refers to the follow up period. In the control group, Time I
refers to the first half of the observation period and Time 2 to the
second half.
To find out if there were any statistically significant
differences between the variables in the treatment group and the
control group, Student’s t-tests were done for both Time I and Time 2.
Mean, standard deviation and standard error were calculated. For the
variables where the assumption of homogeneity of variance was met the
value of 2-tail probability was taken from the pooled variance
estimate; when it was not met the value was taken from the separate
variance estimates, and degrees of freedom were adjusted.
Similar tests were done between the treatment and control groups
for Time I + 2 vs. Time I + 2.
Matched pair t-tests were done within the treatment group between
Time I and Time 2 to detect any difference between the variables.
Since a large number of t-tests were done, the probability of one of
them showing a significant difference just by chance alone increases.
Therefore, variables with a significant difference at only the 5
percent level were scrutinized carefuly as to their clinical
significance.
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Data from bite force measurements was subjected to similar
statistical analysis.
The number of patients and symptoms were not considered large
enough to do any sophisticated statistics on the T.M.J. function
analysis; instead it was decided to present the data in descriptive
fashion.
RESULTS
Sampl e
All children in the study cooperated with treatment and in
keeping their appointments. The appliance of one patient was removed
at the 4 month period at short notice. This was due to personal
family reasons. The patients in the treatment group maintained good
oral hygiene and rinsed daily with a fluoride rinse.
Appl i ances
No major problems were encountered in either obtaining
appropriate materials or in construction of the appliances. The
appliances were all constructed by the investigator himself. The time
needed to make each appliance decreased with experience; at an
average, it took five hours to construct each appliance.
Isolation of the teeth and saliva control were sometimes a little
awkward on the lingual aspect of the lower arch, however, all
appliances were bonded successfully. The acrylic block of one lower
appliance came loose on the right side two months into treatment; this
was rebonded without delay. Apart from initial awkwardness, no
patient complained of any pain or discomfort from the appliance.
The appliances were removed uneventfully. No patient complained
of pain, though some experienced mild discomfort. The crown shells of
two lower deciduous canines, whose roots had been completely resorbed
by this time, came out with the appliance.
The appliance did not cause caries or decalcification in any
patient.
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Cephal ometri c findings
Patients in the control group had an initial set of radiographs
taken and then a final set taken 8 months later. It was not
considered appropriate to subject them to radiation from another set
of radiographs, 4 months after the initial set. Therefore, growth
measurements between the 2 sets of x-rays were divided by 2 in order
to obtain growth changes for a first and second time period (Time I
and Time 2) for comparison with the treatment group.
Mandible"
a) Length"
There was a significant increase in the length of the mandible as
determined by a linear measurement between Co-Pg. Co-Pg increased by
3.18 mm. in Time I in the treatment group (Table Vl) and 0.79 mm. in
the control group (p < .001). In the 8 month period Co-Pg increased
by 3.93 mm. and I. 59 mm. (Table XXIV) in the treatment and control
groups respectively (p < .001). Within the treatment group (Table XV)
Co-Pg increased by 3.18 mm. in Time I and 0.75 ram. in Time 2 (p <
.ool).
The significant increase in the length of the mandible was
reflected in the following measurements. Co-Pg.(FH), Co-Pg(OP) (Table
V, XIV and XXII) A-B(FH), A-B(OP) (Tables IV, XlII and XXII) and
N-A-Pg (Tables Vll, XV and XXV). There was a significant difference
overall (p < .001) between the treatment and control groups, with a
positive change of about 2.40 ram. in the first four measurements.
b) Displacement"
The downward and forward displacement of the mandible as measured
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by Point B, Pg. and Me. was significantly increased in the treatment
group as compared to the control group (Tables I, II, XX, Xl) and in
Time 1 as compared to Time 2 in the treatment group (Tables Xl and
Xll).
During the whole 8 month study period (Time I + Time 2) Point B
came forward 3.06 mm. as compared to O.92mm in the control group (p <
.OOl).
Pg. came forward and downward 2.61 mm. and 1.87mm respectively in
the treatment group during Time I (Table I). In this time, similar
movements for Pg. in the control group were 0.46 and 0.49 mm.
respectivley (p < .001).
Me. moved downward 1.97 mm. in Time I in the treatment group
(Table I) as compared to 0.54 mm. in the control group (p < .001).
There were similar changes in the position of Point B, Pg. and
Me. in relation to OP (Tables II, XII and XXI).
Condyl ar position:
The position of the condylar head was traced on superimpositions
of the mandible from the wide open mouth cephalogram and then
transferred to the cranial base superimposition tracings. There was
no significant difference in the horizontal and vertical displacement
of Co.S, Co.P and Co. between the two groups or between the two time
periods in the treatment group.
Rotation of mandible:
The mandible rotated closed significantly in the treatment group
as judged by the mandibular plane angle and the Y-axis (Tables VII,
XVI and XXV). Overall, in the 8 month period, in the treatment group
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MP-FH closed by 1.34 degrees (p < .001) and Y-axis closed by 1.71
degrees (p < .001) as compared to the control group.
Maxilla:
The downward and forward displacement of the maxilla as
represented by ANS and Point A did not show any significant difference
between the treatment group and control group (Tables I and XX) or
between the 2 time periods in the treatment group (Table Xl).
Face height:
In the region of the anterior face height, there was no
significant difference in the upper face height, N-ANS. Overall in
the 8 month period, the lower face height (Tables IV, XIII and XXlI)
increased 1.97 mm. and 0.79 mm in the treatment and control groups
respectively (p < .001).
The posterior face height Co.S-G(PFH) (Tables V, XlV and XXlII)
increased significantly in Time I in the treatment group (p < .001)
and the effect was evident in the overall time period of the study
with posterior face height increasing 3.17 mm. in the treatment group
and 1.22 mm. in the control group (p < .001).
Dentition"
In the treatment group, the upper and lower first molars and
central incisors intruded significantly in Time 1 (Tables VIII, XVII
and XXVI). At an average the incisors intruded 1.3 mm. and molars 1.6
mm. (p < .001). However, on removal of appliances it was discovered
that since the first molars had intruded, the patients were biting on
their gum pads just distal to the molars and the first molars were
out of occlusion by about 3 mm. Since these teeth were left out of
occlusion, they re-erupted during Time 2 (p < .001) and were in
occlusal contact by the end of this period. However, overall during
the whole study period there was significantly less eruption of the
lower incisor (p < .001), Upper incisor (p < .01) and upper molar (p <
.01) in the treatment group as compared to the control group.
The lower incisor (Tables VII, XVI and XXV) retroclined 0.67
degrees in Time 2 in the treatment group
significant (p < .01).
and this was statistically
(p <
2.25
In the treatment group in Time I, the overjet reduced by 2.11 mm.
.001) and molar relationship (Tables X, XlX and XXVIII) moved
mm. towards Class I. (p < .001) This remained practically
unchanged in Time 2. The overbite (Tables X, XIX and XXVIII)
decreased 3.83mm in Time I in the treatment group (p < .001) but
increased by 2.83 ram. in Time 2 (p < .001), mainly due to re-eruption
of the incisors.
Incison-Stomion distance and Interlabial gap:
The Interlabial gap (Tables IX, XVIII and XXVII) decreased by
3.97 mm. over the 8 month period in the treatment group (p < .001) and
Incision-Stomion distance decreased by 1.3mm (p < .001).
Bite force.
The maximal bite force before treatment was 23.09 Kg (Tables XXX,
XXXI and XXXII). When the bite force was taken immediately after the
appliances were removed, the teeth were slightly sore and mobile
therefore, the maximal bite force registered was reduced to 16.77 Kg.
(p < .001). However, when the bite was taken 4 months post treatment,
it had returned to 23.51 Kg. There were no significant differences
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between the treatment and control groups either at the initial stage
or the final stage.
T.M.J. analysis"
Clinical examination" The examination of the muscles of mastication
and T.M.J. function showed that patients in the treatment group did
not experience any discomfort, pain, or T.M.J. dysfunction at any
stage of treatment.
All patients in the treatment group and control group had a
normal range of movement of the mandible. Maximum opening was 50.2
mm. + 2.8 (mean and S.D.) in the treatment group and 48.6 + 3.1 in the
control group. Lateral movement, as measured at the incisors was 7.2
mm. + 2.4 for the treatment group and 6.8 mm. + 2.1 for the control
group. Maximum protrusion was 8.0 mm. + 1.8 for the treatment group
and 7.5 mm. + 2.0 for the control group. In the treatment group, I
patient showed a deviation of more than 3 mm. on opening wide, this
carried on throughout treatment until the end of the study period. In
the control group there were 2 patients who exhibited more then 3 mm.
deviation at the initial visit and this was also present at the final
visit.
On palpation 2 patients elicited pain in the muscles of
mastication before treatment and 3 days into treatment. In the next
time periods" 3 months into treatment, post treatment and 4 months
post treatment, the number was reduced to I. In the control group,
there were 2 such patients at the initial visit and 3 at the final
visit.
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On auscultation, counting the left and right joints as separate
entities, there were 6 joints with a click before treatment in the
treatment group; 6, three days after treatment; I, three months after
treatment; I, Immediately post treatment and 2, four months post
treatment. In the control group there were 4 joints with a click at
the initial visit and 5 at the final visit.
Anamnestic examination"
No patient in the treatment group complained of difficulty in
opening the mouth wide, stiffness of jaws on awakening or on movements
of the lower jaw, locking, luxation or pain on movement of the
mandible, pain in the region of the T.M.J. or of the masticatory
musculature at any stage of the study.
In the control group, at the initial visit, no patient complained
of any symptoms. At the final visit, one patient complained of
locking of the lower jaw for 5-10 minutes on some mornings for the
last 4 months.
Error analysis-
Cephalometric analysis:
To check for error in landmark identification, tracing,
superimposition and measurements; sets of x-rays of four patients, two
from the treatment group and two from the control group, picked at
random, were re-traced and re-measured at four separate sittings. The
4 sets of x-rays comprised of a total of 20 cephalograms.
To determine the reliability of a measurement, coefficient of
variation was calculated for each variable and presented as a
percentage. For long linear measurements such as Co-Pg, Co-Pg(FH),
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Co-Pg(OP) and face height measurements, the error was 0.6 percent.
For angular measurements such as MP-FH, Y-axis, N-A-Pg and the
inclination of the incisors the coefficient of variation was 0.9
percent.
Since the displacement of landmarks such as Point A, Point B, Pg,
and Me were small, the percentage variation was greater. Along the X-
axis it was 2.2 percent and along the Y-axis it was 3.4 percent.
All coefficient of errors were within acceptable limits and did
not effect the validity of the results.
Maximal bite force:
Recordings were repeated on four patients picked at random, one
day following the initial recordings. Five registrations were taken
for each patient. The coefficient of error was found to be 3.8
percent.
T.M.J. examination.
The examination was repeated on four patients, picked at random,
one day following the initial examination. The clinical examination
was repeated three times. The technique was found to be reproducible
and reliable.
DISCUSSION
The rationale for the study was that by hinging the mandible open
with an appliance, an intrusive force can be exerted on teeth; and
since the condyles would be displaced away from the glenoid fossa, the
growth of the mandible may be altered. Growing children were chosen,
since it would be easier to alter the eruption of actively erupting
teeth. Similarly, it would be necessary for the individual to be
growing to expect any alteration in condylar growth (McNamara, 1984;
and Pancherz, 1985).
The size and shape of the magnets was dictated by space available
in the mouth, patient comfort and the force they could generate.
Samarium cobalt (SmCo) magnets were chosen, since SmCo has very strong
magnetic properties. In addition, it is far superior in resisting
loss of magnetic energy with time (Tsutsui et al, 1979; and Blechman,
1985). Studies on biologic safety have shown SmCo to be safe.
(Blechman, 1978 and 1985; Tustsui et al, 1979). However, it is
susceptible to Corrosion in the oral environment, therefore, the
magnets were encased in a stainless steel case and embedded into the
acrylic bite blocks. In this way, no part of the magnet was exposed
to the oral environment.
It was found by clinical trial that an individual tends to
maintain an interocclusal space of about 3 mm. between the upper and
lower bite blocks. At this distance the magnets produce a repelling
force of about 1000 gins. Divided over 12 teeth, each tooth would feel
an intrusive force of about 80 grams. Burstone (1977) recommends an
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intrusive force of 20 grams for incisors, however, no definite optimum
force value has yet been established in the literature for intrusion
of teeth. Since some of the teeth covered by the appliance had much
larger root surfaces, a force in the range of 80 grams per tooth was
considered to be adequate.
The appliance was designed in such a way that the mandible was
held open 7-8 mm. in the first molar region. This allowed the
condylar heads to rotate and translate forward, away from the
posterior part of the glenoid fossa (Gibbs and Lumdeen, 1982; Smith,
1985).
It was found that during the treatment period of 4 months, the
length of the mandible from Condylion to Pogonion increased 2.4 mm.
more than in the control group. The most likely explaination for this
would be that since the condylar heads were rotated and displaced
forward, away from the glenoid fossa, 24 hours a day for 4 months, the
growth of the condyles was stimulated. As the condyles are distracted
forward, the lateral pterygoid muscles contract and tissue attached to
the T.M.J. is stretched; these may be two possible mechanisms that
trigger increased condylar growth. Petrovic, 1975 and McNamara,
1979 have suggested that increased activity in the lateral pterygoid
muscle induces increased condylar growth, however, the exact mechanism
is probably more complex.
Human studies on functional appliances, such as Frankel and
Activator which distract the condyles away from the glenoid fossa,
for only part of the day show conflicting results. Harvold and
Vargervik, 1971; Bjork, 1951; Jakobsson, 1967; Schulhof and Engel,
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1982; and Creekmore and Radney, 1983 have not been able to detect any
extra increase in mandibular growth. However, Marschner and Harris
(1966); Righellis (1983); and McNamara et al (1985) find that
mandibular growth can be increased with these appl iances.
However, animal and human studies in which the mandible has been
held open or held forward, 24 hours a day for a certain period of
time all show an increase in mandibular growth, rStockli and Willert
(1971); Petrovic et al (1975); McNamara (1979 and 1980); Pancherz
(1982); Weislander (1984); and Kalra et al. (1985)]. The results of
this study are in agreement with the latter group.
In patients during the treatment period, the teeth intruded
significantly due to the appliance. At an average the upper and lower
first molars intruded about 1.6 mm. each and the upper and lower
incisors intruded about 1.3 mm. each. However, on removal of
appliances, it was discovered that the patients were biting on their
gum pads just distal to the molars and the teeth were left out of
occlusion. In retrospect examination of the pre-treatment study
models revealed that even though on the x-rays the crowns of the
permanent second molars appeared low, the gum pads covering them
nearly came upto the occlusal level of the first molars. Therefore,
pretreatment, with the patient in centric occlusion there was only a
small gap between the upper and lower gum pads.
There was some anticlockwise autorotation of the mandible, as
dictated by the gap between the gum pads. During the treatment period
the mandibular plane angle closed by 1.3 degrees (p < .01) and the
Y-axis closed by 1.1 degrees (p < .001). During the 4 month post
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treatment period, the Y-axis further closed by 0.28 degrees (p < .01),
probably due to reduction in swelling and inflammation of swollen gum
pads, resulting in a slight autorotation of the mandible. The
remainder of the interocclusal space was taken up by the upper and
lower teeth erupting until they came into occlusal contact. However,
over the 8 month study period, the upper and lower incisors and the
upper molar had erupted significantly less in the treatment group than
in the control group.
The present findings do not specifically show that the intrusion
of the teeth achieved during treatment would have remained stable if
the gum pads had not kept the teeth out of occlusion. However, the
fact that the reduction in the mandibular plane angle and Y-axis were
stable in the follow up period, would lend support to the theory that
the total intrusion of the teeth and the enhanced autorotation of the
mandible would also have remained stable, if the gum pads had allowed
further autorotation. In addition, the fact that overall, including
the follow up period, the teeth erupted less in the treatment group
than in the control group, would also tend to support the above
hypothesis.
It was noticed clinically that all patients tended to stretch
their lips in order to attain lip contact as the appliance tended to
hold the mouth open. The interlabial gap was found to be
substantially decreased after treatment. There are a number of
plausible explanations for the reduction in the interlabial gap. With
the appliance in the mouth, the patients were so used to holding their
lips together that after treatment there may have been an error in
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obtaining the true relaxed position of the lips. Another explanation
could be that the continuous stretching of the muscles had retrained
the lips to be held in a new position and/or the tonicity of the
muscles could have been altered.
The incision-stomion distance decreased 2 mm. during treatment as
a result of intrusion of the upper incisors and some stretching of the
upper lip. After treatment the upper incisors re-erupted to some
extent, since they were out of occlusal contact with their
antagonists.
However, over the 8 month period the incision-stomion decreased
as compared to the control group.
The molar relationship improved towards class I and the overjet
reduced by just over 2 mm. as a result of the mandible coming forward
in relation to the maxilla. The overbite was found to be
substantially reduced on removal of appliances. This was in part due
to intrusion of the incisors and partly due to the fact that the
patients were biting on the gum pads. In the follow up period, the
incisors re-erupted to some extent, but not as much as they had
intruded, therefore, overall at the end of the study period the
overbite was significantly reduced as compared to the control group.
Maximal bite force measurement was used as a non invasive method
for assessing the relative strength of the contraction of muscles of
mastication (De Boever et al, 1978; and Dechow and Carlson, 1983) and
to indicate any alterations in masticatory function with changes in
vertical dimension (Boos, 1940; Boucher et al, 1959; and Tuller,
1969). The maximal bite force was significantly reduced immediately
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after removal of appliances. This was probably because the teeth were
sore, both due to orthodontic tooth movement and removal of
appliances. The teeth were also mobile at this stage, therefore, the
pain threshold could have prevented the patients from biting down hard
upon the force transducer. However, when the bite was recorded 4
months later, it was back to the original level and was the same as in
the control group.
A clinical assessment of T.M.J. and muscle function was
undertaken to assess if the appliance caused or exacerbated any signs
and symptoms of dysfunction, especially muscle tenderness. The
examination revealed that the patients in the treatment group did not
experience any discomfort, pain or T.M.J dysfunction at any stage of
treatment. On the other hand, it alleviated muscle tenderness in one
patient and clicking in four joints. This was probably because the
appliance opened the bite and kept the teeth out of occlusion, a
format used in many T.M.J. therapy splints, possibly changed deviant
muscle patterns and alleviated symptoms.
CONCLUSIONS
An appliance was designed that hinged the mandible open and
exerted an intrusive force on the teeth.
It was found that treatment with this appliance resulted in:
I) Significant increase in the length of the mandible as
measured from Condylion to Pogonion. This caused a
reduction in the angle of convexity; A-B(OP); and A-
B(FH).
2) Intrusion of anterior and posterior teeth.
3) Counterclockwise autorotation of the mandible.
4) Reduction in interlabial gap
5) Reduction in maximal bite force immediately upon
removal of appliances, but this returned to the
original level in the follow up period.
The appliance presents a promising mode of treatment for certain
Class II malocclusions, and further long term studies are advocated.
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Landmark
ANS
Time I"
Time 2"
H
V
H
V
(RARISON OF TREATMENT VS. CONTROL-
SEPARAIELY FOR TIME I AND TIME 2
Cranial base superimposition- displacement
(in ram) of landmarks in relation to FH
TREATMENT CONTROL
Mean S.D. Mean S.D. P value
+0.45 +0.29 +0.39 +0.11 N.S.
+0.24 +0.19 +0.15 +0.08 N.S.
+0.37 +0.24 +0.39 +0.11 N.S.
+0.18 +0.23 +0.15 +0.0 N.S.
A
Time I"
Time 2-
H +0.48 +0.23 +0.39 +0.13 N.S.
V +0.27 +0.19 +0.20 +0.10 N.S.
H +0.33 +0.15 +0.59 +0.13 N.S.
V +0.37 +0.24 +0.20 +0.10 N.S.
B
Time 1"
Time 2-
H +2.47 +0.81 +0.46 +0.16 ***
V +I. 77 +!.04 +0.49 +0.30 **
H +0.59 +0.17 +0.46 +0.16 N.S
V +0.33 +0.14 +0.9 +0.50 N.S.
Time I"
Time 2-
H +2.61 +0.91 +0.52 +0.18
V +1.87 +1.11 +0.51 +0.52 **
+0.61 +0.15 +0.52 +0. I N.S.
+0.36 +’-0.21 +0.51 +’-0.32 N.$.
Me
Time I" H +2.80 +0.94 +0.48 +0.19 ***
V +I. 97 +I. 07 +0.54 +0.0
Time 2" H +0.63 +0.24 +0.48 +0.19 N.S.
V +0.37 +0.18 +0.54 +0.30 N.S.
* p < .05 H Horizontal
** p < .01 V Vertical
*** p < .001
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CARISON OF TREAIENT VS. CONTROL-
SEPARALY FOR TIME I AND TIME 2
TABLE II" Cranial base superimpostion" displacement
(in m.m.) of landmarks in relation to OP.
Landmark
A
Time I"
Time 2-
TREATMENT CONTROL
Mean S.D. Mean S.D. P value
H +0.44 +0.25 +0.41 +0.12 N.S.
V +0.29 +0.17 +0.20 +0.11 N.S.
H +0.30 +0.18 +0.41 +0.19_ N.S.
V +0.20 +0.11 +0.20 +0.11 N.S.
B
Time I"
Time 2-
H +2.74 +1.03 +0.48 +0.18 ***
V +I. 29 +--I. 06 +0.42 +--0.25 *
H +0.63 +0.18 +0.49 +0.19 N.S.
V +0.24 +--0.16 +0.42 +--0.25 N.S.
Time 1"
Time 2-
H +2.93 +1. O0 +0.54 +0.14 ***
V +I .4.9 +1.04 +0.45 +0.27 *
H +0.68 +0.19 +0.54 +0.14 N.S.
V +0.26 +3.18 +0.45 +--0.27 N.S.
Me
Time 1" H +3.07 +I. 02 +0.50 +0.16 ***
V +1.74 +1.08 +0.43 +0.23 **
Time 2" H +0.,67 +0.9_1 +0.50 +0.16 N.S.
V +0.29 +0.14 +0.43 +0.23 N.S.
* p < .05
** p < .01
*** p < .001
H Horizontal
V Vertical
50
ARISON OF TREAIMENT VS. CONTROL-
SEPOY FOR TIME 1 AND TIME 2
TAIK III" Cranial Base superimposition" Displacement
(in m.m.) of landmarks in relation to FH (position
of condyle transferred from open mouth cephalogram)
CO.S.
Time
TREATMENT CONTROL
Mean S.D. Mean S.D. P value
H
-0.14 +0.31 -O.O2 +0.14 N.S.
V +0.42 +-0.56 +0.06 +-0.17 N.S.
Time H +0.01 +0.17 -0.02 +0.14 N.S.
V -0.01 +-0.15 +O.06 +--0. I 7 N.S.
CO.P.
Time I" H +0.28 +0.32 +0.01 +0.14 N.S.
V +0.31 +0.78 -0.01 +0.I N.S.
Time 2" H +0.07 +0.12 +O. 01 +0.14 N.S.
V
-0.03 +0.14 -0.01 +0.18 N.S.
CO.
Time I" H +0.19 +0.35 +0.02 +0. I 3 N.S.
V +0.45 +0.55 +0.55 +O. 15 N.S.
Time 2- H +0.05 +0.14 +0.0 +0.13 N.S.
V O.00 +0.15 +O. 55 +O. 15 N.S.
* p < .05
** p < .01
*** p < .001
H Horizontal
V Vertical
CCIPAR OF TREATIENT VS. CONTOL:
SEPARATELY FOR 1 AND TIE 2
Cranial base superimposition-
linear measurements ( in m.m. )
changes in
TREATMENT CONTROL
Measurement Mean S.D. Mean S.D. P value
A-B(FH)
Time I" +I. 96 +0.68 +0.06 +0.09
Time 2- +0.26 +0.15 +0.06 +0.08 **
A-B(OP)
Time
"
+2.39_ +0.86 +0.07 +0. 0
Time 2" +0.33 +0. 6 +0.OZ +0.01 **
N-ANS(PFH)
Time
"
+0.47 +0.20 +0.36 +0. 2 N.S.
Time 2" +0.38 +0.28 +0.36 +0.12 N.S.
Time
"
+.78 +.08 +0.39 +0.23
Time 2" +0.19 +0.21 +0.39 +0.23 N.S.
* p < .05
** p < .01
*** p < .001
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ARISON OF TREATMENT VS. (X)NTROL:
SEPARATELY FUR TIME I AND TIME
Cranial base superimpostion; position of condyle
transferred from open mouth mandibular superimposition-
Changes in linear measurements (in m.m. )
TREA’rMENT CONTROL
Measurment Mean S.D. Mean S.D. P value
Co-Pg(FH)
Time I +2.14 +0.59 +0.53 +0.17
Time 2" +0.50 +0.16 +0.53 +0.17 N.S.
Co-Pg(OP)
Time 1" +2.26 +0.89 +0.61 +0.17
Time 2" +0.53 +0.18 +0.61 +0.17 N.S.
Co.S-G(PFH)
Time I" +2.60 +0.89 +0.61 /0.19
Time 2" +0.57 +0.18 +0.61 +0.19 N.S.
* p < .05
** p < .01
*** p < .001
SON OF VS. (30NOL:
SErVilELY FOR TIME 1 D T]]E
TAHLE VI" Mandibular Superimpositoin, from wide open
mouth cephalogram- change in linear measurement
(in re.m)
TREATMENT CONTROL
Measurement Mean S.D. Mean S.D. P value
Co-Pg
Time I- +5.18 +0.53 +0.7g +0.21
Time 2" +0.75 +0.20 +0.79 +0.2 N.S.
* p < .05
** p < .01
*** p < .001
CCMPARISON OF TREAtmeNT VS. CONOL-
SSPY FDR TIME 1 AND TIME 2
Cranial base superimpositon:
measurements (in degrees)
Changes in angular
TREATMENT CONTROL
Measurement Mean S.D. Mean $. D. P value
Time I"
-2.76 +0.94 -0. I0 +0.1
_
Time 2"
-0.29 +0.14 -0.10 /0.12 *
Y-axis
Time I" -I. 13 +0.48 +0.01 +0.12
Time 2" -0.28 +0.19 +0.01 +0.12 *
Time I"
-1.51 +0.80 O.O0 +0.20
Time 2:
-0.04 +0.51 O.O0 +0.20 N. $.
Gonial angle
Time 1" -0.62 +1.17 +0.02 +0.16 N.S.
Time 2" +0.06 +0.26 +0.02 +0.06 N.S.
1 to F
T--ime 1" +0.19 +0.62 +0.19 +0.48 N.S.
Time 2- +0.44 +0.59 +0.I +0.48 N. $.
I toMP
Time 1"
-0.05 +0.70 +0.12 +0.57 N.S.
Time P_"
-0.67 +0.55 +0.12 +0.57 **
* p < .05
** p < .01
*** p < .001
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TABLE VIII"
ARISON OF _ATMENT VS. CONIOL"
SEPOY FU TIME I AND TIME 2
Mandibular superimposition-
landmarks in relation to OP
displacment (in re.m) of
’IREATMENT CONTROL
UIE
Time I"
Time 2-
Mean S.D. Mean S.D. P value
H +0.03 +0.42 +0.10 +0.13 N. S.
V I. 37 +0.53 +0.41 +O. 11 ***
H +0. P_2 /0. P_2 +0. I0 +0. I 5 N.S.
V +I. 36 +--0.45 +O. 41 +--0.11 ***
LIE
Time I"
Time 2-
Time I"
Time 2"
H +0.01 /0.50 +0.04 +0.33 N.S.
V +1.22 +0.22
-0.54 O. 11 ***
H -0.21 +0.38 +0.04 +0.35 N.S.
V I. 43 +0.29 -O. 34 +0.11 ***
H +0.11 +0.37 +0.07 +0.09 N.S.
V I. 62 +-0.26 +0.24 +-0.10 ***
H +0.07 +0.33 +0.07 +0.09 N.S.
V +1.77 +0.40 +0.24 +0.01 ***
LMT
Time 1" H +0. I0 +0.21 +0.O8 +0.07 N.S.
V +1.64 +-0.28 -0.30 +--0. I0 ***
Time 2" H +0.23 +0.27 +O.O8 +0.07 N.S.
V -2.11 +0.45 -0.30 +0. I0 ***
* p < .05
p < .0
** p < .00
H Horizontal
V Vertical
ARISON OF TREA%’T VS. CONTROL:
SEPOY FOR TIME I AND TIME 2
Cranial base superimposition"
measurements (in m.m.)
changes in linear
TREATMENT CONTROL
Measurements Mean S.D. Mean S.D. P value
Is-Stm
Time
"
-2.05 +0.4 +0.02 +0.26
Time 2" +0.80 +0.49 +0.02 +0.26
ILG
Time 1" -3.67 +I. 23 -0.1 +0.38
Time 2- -0.30 +0.55 0.18 +0.3 N.S.
* p < .05
* p < .0
p < .00
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ARISON OF TREAZIENT VS. CONTROL-
YFOR TIME I AND TIME 2
TABLE X: From plaster study models and clinical examinations-
changes in measurements ( in m. )
Measurements
Overjet
Time I"
Time 2"
TREATMENT CONTROL
Mean S.D. Mean S.D. P value
-2.11 +0.67 -0.06 +0.17
+0.04 +0.25 -0.06 +0.17 N. S
Overbite
Time I"
Time 2"
-3.83 +0.86 +0.05 +0.16 ***
+2.83 +0.4 +0.05 +0.16
Molar
relationship
Time 1" +2.25 +0.82 +0.09 +0.09 ***
Time 2- +0.12 +0.12 +0.. 09 +O.09 N.S.
Note- Positive value for molar relationship denotes change toward CI.I
* p < .05
** p < .01
*** p < .001
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ARISON WITHIN GROUP:
TIMEIVS. TIE2
Table XI" Cranial Base Superimposition- Displacement (in mm)
of Landmarks in Relation to FH
Time I Time 2
Landmark Mean S.D. Mean S.D. P. Value
ANS
H
V
+0.45 +0.29 +0.57
+0.24 +0.18 +0.18
+0.24
+0.23
H
V
+0.48 +0.23 +0.33
+0.27 +0.19 +0.37 +0.24
H
V
+2.47 +0.81 +0.59
+1.77 +1.03 +0.33
+0.16
+0.14
Pg
H
V
+2.61 +0.91 +0.61
+I. 87 +’-I. I0 +0.36
+0.15
+0.20
H
V
+2.80 +0.93 +0.63
+1.97 +1.07 +0.37
+0.24
+0.18
H
V
-0.14 +0.30 +O. 01 +0.16
+0.42 +-’0.56 -0.01 +--0.15
Co.P
H
V
+0.28 +0.32 +0.07
+0.31 +0.78 -0.03
+0.12
+0.14
Co@
* ’p < .O5
** p < .01
*** p < .001
+0.19 +0.35 +0.05
+0.43 +0.55 +0.00
Horiz6ital
Vertical
+0.14
+0.14
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AtSON lt GROUP:
TINB 1 VS. lB 2
Table XII" Cranial Base Superimposition- Displacement (in mm) of
Landmarks in Relation to OP
A
Time I Time 2
Landmark Mean S.D. Mean S.D. P. Value
H +0.44 +0.25 +0.30 +0. I N.S.
V +0.29 +--0. ]6 +0.2g +’-0. "19 N.S.
H +2.74 +I .05 +0.65 +0.17 ***
V +I. 28 +--I. 05 +0.24 +--0.16 **
H +2.93 +0.99 +0.68 +0.19 ***
V +1.48 +-I. 04 +0.26 +--0.17 **
H
V
* p < .05
** p < .01
*** p < .001
+3.07 +1.02 +0.67 +0.21 ***
+1.74 +-I.08 +0.29 +’-0.14 **
H Horizontal
V Vertical
6O
Tble XIII- Cranial Base Superimposition: Changes in Linear
Measurement (in mm)
Time I Time 2
Measurement Mean S.D. Mean S.D. P. Value
A-B (FH) +I. 96 +0.68 +0.26 +0.15 ***
A-B (OP) +2.32 +0.86 +0.33 +0.16 ***
N-ANS (PFH) +0.47 +0.20 +0.38 +0.28 N.S.
ANS-Me (PFH) +I. 78 +1.08 +0.19 +0.21 **
* p < .05
** p < .0
*** p < .00
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VS. TIE 2
Table XIV- Cranial Base Superimposition: Changes (in mm) in Linear
Measurements (position of condyle transferred from open
mouth mandibular superimposition)
Time I Time 2
Measurement Mean S.D. Mean S.D. P. Value
Co-Pg (FH) +2.14 +0.59 +0.50 +0.16 ***
Co-Pg (OP) +2.26 +0.89 +0.53 +0.18 ***
Co. S-G (PFH) +2.60
* p < .05
** p < .01
*** p < .001
+0.89 +0.57 +0.18 ***
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IIPARISON TREAIEN’T GROUP:
Tn 1 VS. 2
Table XV: Mandibular Superimposition from Wide Open Mouth
Cephalogram- Change in Linear Measurement (in ram)
Time I Time 2
Measurement Mean S.D. Mean S.D. P. Value
Co-Pg +3.18 +0.53 +0.75 +0.20 ***
* p < .05
** p < .01
*** p < .001
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(XIARISON WI4_IN TREAIENT GROUP:
TIME VS. TIMB 2
Table XVI- Cranial Base Superimposition"
Measurements (in degrees)
Changes in Angular
Time Time 2
Measurement Mean S.D. Mean S.D. P. Value
N-A-Pg -2.76 +0.94 -0.29 +0.14
Y-axis
-1.15 +0.48 -0.28 +0.19
MP-FM
-1.51 +0.80 -O.O4 +0.31
Gonial angle -0.62 +1.17 +0.06 +0.26
1 to FH +0.18 +0.06 +0.44 +0.59
1 to MP -0.05 +0.70 -0.67 +0.55
* p < .05
** p < .01
*** p < .001
64
Table XVII" Mandibular Superimposition- Displacement (in ram) of
Landmarks in Re lation to OP.
Time I Time 2
Landmark Mean S.D. Mean S.D. P. Value
UIE
H +0.05 +0.42 +0.22 +0.22 N.S.
V I. 37 +-0.32 +I. 36 +-0.45 ***
LIE
H +0.01 +0.50 -0.21 +0.37 N.S.
V +I. 22 +0.22 I. 43 +0.30 ***
H +0.11 +0.37 +0.07 +0.33 N.S.
V I. 62 +-0.25 +1.77 +--0.39 ***
H
V
* p < .05
** p < .01
*** p < .001
+0.10 +0.21 +0.23 +0.23 N.S.
+1.64 +--0.27 -2.11 +--0.45 ***
H Horizontal
V Vertical
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CCMPARISON IN GR(X:
T]] VS. TIM2
Table XVIII- Cranial Base Superimposition" Changes in Linear
Measurements (in ram)
Time I Time 2
Measurement Mean S.D. Mean S.D. P. Value
IS-Stm -2.05 +0.48 +0.80 +0.49 ***
ILG
-3.67 +I. 23 -0.30 +0.55 ***
* p < .05
** p < .01
*** p < .001
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ARISO TREAT GSOUP:
TIMEIVS. Tn2
Table XIX: From Plaster Study Models and Clinical Examination-
Changes in Measurements (in ram)
Time I Time 2
Measurement Mean S. D. Mean S.D. P. Value
OverOet -2.11 +0.67 +0.04 +0.25 *
Overbite
-3.83 +0.86 +2.83 +0.39 ***
Molar
Relationship +2.25 +0.70 +0.12 +0.12 ***
* p < .05
** p < .01
*** p < .001
Note" Positive value for molar relationship denotes change toward
CI.I
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CGPARISON OF S. CONTROL-
1 +2VS. 1 +2
Table XX: Cranial Base Superimposition- Displacement (in ram) of
Landmarks in Relation to FH
Treatment Control
Landmark Mean S.D. Mean S.D. P. Value
ANS
Time I +2 H +0.82 +0.34
V +0.42 +--0.22
+0.79 +0.23 N.S.
+0.30 +0.7 N.S.
A
Time +2 H +0.8 +0.27
V +0.64 +-0.35
+O. 78 +O. 27 N.S.
+0.41 +0.22 N.S.
B
Time 1+2 H +3.06 +0.81
V +2.10 +0.98
+0.92 +0.32 ***
+O.98 +--0.61 *
Time 1+2 H +3.22 +0.93
V +2.23 +1.23
+1.05 +0.35 ***
+.02 +-0.64 *
Time 1+2 H +3.43 +1.09
V +2.34 +1.18
+0.96 +O. 38 ***
+1.09 +--0.60 *
Time 1+2 H
-0.13 +0.40
V +0.41 +0.50
-0.04 +0.28 N.S.
+O.13 +0.35 N.S.
Time 1+2 H +0.35 +0.31
V +0.28 +0.84
+0.03 +0.27 N.S.
-0.03 +--O. 36 N.S.
CO@
Time 1+2 H +0.24 +0.38
V +0.43 +0.48
+0.05 +0.26 N.S.
+0.07 +0.29 N.S.
* p < .05
** p < .01
*** p < .001
H Horizontal
V Vertical
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CMPARISON OF TREATMENT VS. CONTROL-
TIM 1 + 2 VS. 1 + 2
Table XXI- Cranial Base Superimposition" Displacement (in ram) of
Landmarks in Re Iation to OP
Treatment Control
Landmark Mean S.D. Mean S.D. P. Value
H +0.74 +0.56 +0.82 +0.25 N.S.
V +0.57 +0.35 +0.40 +0.22 N.S.
A
Time i+2
B
Time I+2 H
V
+3.37 +1.04 +0.97 +0.35 ***
+1.52 +1.11 +0.85 +0.51 N.S.
Time 1+2 H
V
+3.61 +1.07 +I .09 +0.2 ***
+1.74 +I .09 +0.90 +0.53 *
Me
Time I+2 H
V
+5.74 +1.19 +I .00 +0.52 ***
+2.03 +I .13 +0.87 +0.45 *
* p < .O5
** p < .01
*** p < .001
H Horizontal
V Vertical
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ARISON OF {EAIT VS. CONTROL"
TIME I + 2 VS. TIME 1 + 2
Table XXII- Cranial Base Superimposition" Changes in Linear
Measurements (in mm)
Treatment Control
Landmark Mean S.D. Mean S.D. P. Value
A-B(FH)
Time I +2 +2.22 +0.68 +0.12 +0.16
A-B(OP)
Time I+2 +2.65 +0.87 +0.15 +0.19
N-ANS(PFH)
Time I +2 +0.85 +0.15 +0.73 +0.25
ANS-Me(PFH)
Time 1 +2 +I. 97 +1.07 +0.79 +0.46
* p < .05
** p < .0
*** p < .00
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(PARISON OF IREANT VS. CONtROL-
TIME1 +2VS. TIME1 + 2
Table XXIII- Cranial Base Superimposition: Changes (in mm) in Linear
Measurements (position of condyle transferred from open
mouth cephalogram)
Treatment Control
Landmark Mean S.D. Mean S.D. P. Value
Co-eg( H)
Time I+2 +2.64 +0.72 +1.06 +0.36
Co-Pg(OP)
Time 1+2 +2.79 +0.93 +1.22 +0.35
Co. S-G(PFH)
Time +2 +3.7 +0.86 + .22 +0.39
* p < .05
** p < .0
*** p < .00
O(]ARISON OF ’I"RBA’]IBI VS.
T]]I + 2 VSo T]]I +2
Table XXlV: Mandibular Superimposition, From Wide Open Mouth
Cephalogram" Change in Linear Measurement (in mm)
Treatment Control
Measurement Mean S.D. Mean S.D. P. Value
Co-Pg(FH) +3.93 +0.59 +I.59 +0.42 ***
* p < .O5
** p < .01
*** p < .001
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(]CMP/RISON OF VS. OONTROL:
TIII +2-S. TIME1+2
Table XXV: Cranial Base Superimposition" Changes in Angular
Measurements (in degrees).
Treatment Control
Measurement Mean S.D. Mean S.D. P. Value
N-A-Pg
Time 1+2
-3.05 +0.91 -0.21 +0.24 ***
Y-axis
Time I+2
-1.41 +0.54 +0.30 +0.25
Time I +2 -I. 35 +0.75 -0.01 +0.40
Gonial Angle
Time I +2 -0.56 +I. 16 -0.05 +0.55 NoS.
1 toFH
ime 1 +2 +0.62 +0.77 +0.37 +0.81 NoS.
1 roMP
Time 1+2
-0.72 +0.72 +0.24 +1.14
* p < .05
** p < .01
*** p < .001
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ARISON OF TREAf VS. OONIROL-
TIII+2VS. TII1+2
Table XXVI- Mandibular Superimposition- Displacement (in ram) of
Landmarks in Relation to OP.
Treatment Control
Landmark Mean S.D. Mean S.D. P. Value
LIE
Time I +2 H +0.25 +0.27
V -0.01 +0.55
+0.20 +0.25 N.S.
+0.85 +0.21 ***
UIE
Time I+2 H -0.20 +0.52
V -0.21 +0.58
-0.09 +0.52 N.S.
-0.69 +--0.21 **
UMT
Time I+2 H +0.18 +0.20
V +0.15 +0.22
+0.15 +0.17 N.S.
+0.48 +0.21 *
LMT
Time I+2 H +0.33 +0.51
V
-0.47 +0.30
+0.16 +0.14 N.S.
-0.60 +--0.19 N.S.
* p < .05
** p < .01
*** p < .001
H Horizontal
V Vertical
(X]MP9/SON OF VS. CONTROL:
TIME 1 + 2 VS. TIME I + 2
Table XXVII-Cranial Base Superimposition- Changes in Linear
Measurement (in mm)
Treatment Control
Measurement Mean S.D. Mean S.D. P. Value
Is-Stm
Time +2 -.25 +0.54 +0.05 +0.52
ILG
Time I +2
-5.97 +I. 21 +0.56 +0.7
.05
.OJ
OOJ
ARIS( OF VS. COh’IIROL-
1+2FS. 1+2
Table XXVIII- From Plaster Models and Clinical Examination: Changes
in Measurements (in ram)
Treatment ControI
Measurement Mean S.D. Mean S.D. P. Value
Overjet -2.07 +0.79 -0.15 +0.54
Overbite -I.OO +0.96 +0.11 +0.52 ww
Molar +2.37 +0.96 +0.19 +0.18
Relationship
Note" Positive value for molar relationship denotes change towards
CI. I.
* p < .05
** p < .0
* p < .001
Table XXX: Maximal Bite Force Measuremen (in kg)- Comparison Within
Treatment Group
Immediately
?re-Treat Post-Treat
Mean S.D. Mean S.D. P. Value
Bite Force 23.09 +4.69 16.77 +4.97
Bite Force
Immediately
Post-Treat
4 Months
Post-Treat
16.777 +4.97 23.51 +4.63
Bite Force
4 Mont_hs
Pre-Treat Post-Treat
23/09 +4/69 23.51 +4.63
* p < .o5
** p < .01
*** p < .001
Table XXXI- Maximal Bite Force Measuremen (in kg)- Comparison
Within Control Group
Initial 8 months later
Mean S.D. Mean S.D. P. Value
Bite Force 21.54 +4.77 22.14 +5.95 N.S.
* p < .05
** p < .01
*** p < .001
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Table X)[XII- Maximal Bite Force Measurement in (kg)- Comparison of
Change in Bite Force Level During the 8 Month Study
Period in the reatment and Control Groups
Change in
Bite Force
Treatment Control
Pre-Treat to
4 months Pos-Trea
Initial to
8 months later
Mean S.D. Mean S.D.
-0.42 +2.57 -0.60 +2.18
P. Value
N.So
* p < .05
** p < .01
*** p < .001
BITE 8Locks
FIG. 1 Schematic drawing of appliance
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FIG. 8 Landmarks and planes used in cephalometric analysis
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